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ABSTRACT

The nitrogen oxide gases are subject to fast creméactions. The time scales characterizing theesetions are
of the order of tens of seconds and thus, comparalilh residence time of pollutants in street carsyoThe
objective of the present study is the performarfcentall-scale computations for an urban 3D by usin@FD
(computational fluid dynamics) code (ANSYS-CFX{)rtvide steady state wind and pollutant concentrafields.
A fast chemistry module simulating chemical reangidaking place within street canyons right afteafftc
pollutants are emitted is implemented to the modelder to assess the concentrations of,M@d ozone in space.
Circulations created by the city itself and thatfeat pollutant dispersion are accounted for and shot
concentrations that depend on street canyon sdééete are also computed. Reactive pollutant dsiperin the
street canyon has been numerically investigatedgu§iFD numerical simulation by means of turbulence model
and transport equations for NO, NCand Q with simple photochemistry. The area emission @is divided to
sub-domains describing N®@ehicles’ emissions. The Background gfwas specified, and the gases were allowed
to mix and react.

Keywords: Street canyon; Photochemistry; Computational flydamics (CFD); @ NOx.

INTRODUCTION

The study on flow and dispersion in urban streetyoas have been widely investigate and attractedtgroncern
during the past two decades mainly due to incrgasiban pollutants and their adverse impacts ondmuhealth.
Field measurements and computational fluid dynanf@sD) techniques are the common tools used toystoel
flow and pollutants dispersion in street canyons.

The CFD modeling approach as a way to understarétstanyon flow and dispersion has become powarfdl
comprehensive with recent advances in computing epowiumerical method/algorithm, and turbulence
parameterization. Previous CFD modeling studiesshzontributed to our understanding of the many i@
aspects of street canyon flow and dispersion. Thedede flow regime, dispersion mechanism [2]rthal effects
on flow and dispersion [4].

In urban areas, a main pollutant source is autole®hind the pollutants emitted from automobilesgf@ample NO
and NQ, are chemically reactive. Complex photochemicalcpsses in densely built-up urban areas with traffi
often result in a serious air pollution problem.efdfore, to further enhance our understanding reestcanyon
dispersion, reactive pollutants need to be takemancount.
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MATERIALSAND METHODS
2.1. Selected case and simulation
Due to rapid growth of traffic volumes within urbameas, pollutant concentrations are still recegjvinlot of
attention in densely built-up areas where peopgecancentrated and where both buildings and thplpewe more
affected.
The street simulated in CFX, is One-way Street,Whdth of the street varies with an average valti@@n and
with a length of 95m. This street has about 19dg with heights varying between 3m and 18m.
2.1.1. Emission of cars
Traffic emissions in the street are calculated kingwhe traffic flow (vehicle/hour) and emissiorcfars (g/km).
The basic formula for estimating emissions, usirgeeimentally (The Core Inventory of Air EmissioimsEurope
CORINAIR, 3¢ Edition 2003 [6]) obtained emission factor is:

Emissions per Period of Time [g] = Emission Faftgkm] xNumber of Vehicles [veh.] xMileage peehicle per
Period of Time [km/veh.]

The emissions factor depends the vehicle speed@x), with engine capacity CC<1.4 | given as:
E=0.5595-0.01047V+10.8a/*[g/km].
Where V is the vehicle speed.

2.1.2. Chemical coupling of O, NO, and NO,,
The reactive pollutants we are concerned with is $tudy are nitrogen oxide NO and nitrogen dioxitf®,, which
are supposed to be emitted from automobiles witherstreet canyon in the presence of backgroundeo@p

The chemical reactions considered are:
NO,+ sunlight £<420nm)— NO + (OF) (Ry)
3
(0" + O+ M — Os+ M t
O,+ NO— NO,+ O, (Ry)
M represents a molecule {Nr O, or another third molecule).

2.1.3. Reaction ratetype
Chemical kinetics characterizes the ratevhich chemical species appear or disappear. Thai&irate constant (of
reaction) is a function of temperature and is givethe form:

k(T)= AT/ exp{_ Eaj
RT
(1)

This equation is called the Arrhenius equation duse ANSYS CFX), wherd\ is a pre-exponential factog is the
temperature exponerR,is the universal gas constantis the temperature, aig] is the activation energy.

2.1.4. Model description
Computational fluid dynamics (CFD) modelling is édsonthe governing fluid flow and dispersion equations,
which are derived from basic conservation and partgrinciple:

» The mass conservation (continuity) equation.

» The three momentum (Navier-Stokes) equations in x,
» The transport equation for pollution concentration.
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The air within the street canyon can be regardednamcompressible turbulent flow, and the air aadlutants
densities are assumed to be constant. These assospre reasonable for lower atmosphere envirohrasn
described by Sini et al., 1996 [4].

For the street canyon problem, the standasdurbulence model governing equations expressed as:

The continuity equation:

oV, ~o
0X,
(2)
The momentum equation:
U, u, r U,
L.FUJ_L:_EQ.FL UL_U;U'J_ (3)
ot 0X; pOx 0x;| 0x
k ande transport equations in the standire model:
ok = )
— +Vgradk=div(—gradk) + P - ¢ 4)
ot o,
0 = (U £
— +Vgrade =divy —grade |+ =|C,P-C, ¢ (5)
ot 9 \{0'8 g j k ( “ £2 )
k: turbulent kinetic energy;: turbulent dissipation rate.
Where:
k* —— 2 oy ou
v, =C,—; uu; =-20,S; +-k§;; P=2v,§S;;§= "+
€ 3 ("))(J X
Table 1: The constantsfor k-& turbulence model
C P g, C‘g1 ng
0.09 1 13 144 1.92
Pollutant concentration is calculated with the atiwe-diffusion equation:
oC. oC. 0 oC.
—L4U, =K, |+S 6) (
ot ox;  0X; 0X;

WhereC; denotes the pollutant concentratiéfpjs the eddy diffusivity coefficient; anfl represents all sources and
sinks terms.

2.1.5. Computational domain

The Figure 1 illustrates the computational domairg building configuration. This study models reacpollutant
dispersion in a long street when the wind direc{ioidirection) is parallel to the street directidrhe origin of the
coordinate system is located at the left bottormeopf the street in the computational domain. dbmain size is
95m in the x-direction, 16m in the y-direction, 2imre-direction.
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Wind direction

(@) )

Figure 1. a) Computational domain and buildings configuration
b) Mesh of the complete computation domain.

2.2. Initialization

The emission sources considered in this study albedemains (volume sources), created along thetsinex-
direction (11 sub-domains or cars), with size &n32mx1.48m (each car), and the distance betweercans is
5m. The vehicles were assumed to emit NO (90% of)NKRO, (10% of NQ). We estimate the emission rate for
each car, as NO emission rate of 16.5 |ig/mnd 2.5 pg/fs of NO.. A background ozone concentration of
70ng/niwas then set for the entire domain [5], [3]. At th#ow boundary, wind assumed to blow along theyom
the street from east to west; with a speed of Y% nThe pressure and temperature were specifiddsam and
25°C, respectively.
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Figure2. A) velocity vectors; B) NO, C) NO,, and D) O3 concentration contourson x-z plane at y=-5m (middle of street)

421



Merah Aissa et al Der Pharma Chemica, 2016,8 (4):418-424

RESULTSAND DISCUSSION

As shown in Figure 2 the effect of wind directiorasvcrucial and a key factor determining the dispersf
pollutants. It was very interesting to see howdbecentration distribution is behaving with respgedhe flow field.

Wind parallel to the street direction resulted igher G; concentration levels in the middle upper area efdtieet
(Fig.2.D). The accumulation of pollutants (NO, NGilong the canyon axis dominates close to the cuddni
emission sources (Fig.2.B and Fig.2.C). Ozong (©Oncentration is high apart from the upper regibihe street
and at inlet. This is explained by ozone rich daftabeing entrained into the canyon, followed bgpegrsion and
reaction. A very interesting symmetric level hagm@eccurred between ozong @nd NQ that follow opposite
trends [7].A steady rise in ozone level was observed with eksrd N@concentration.
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Figure 3. a) velocity vectors; b) NO concentration, ) NO, concentration, and d) Os Concentration contourson x-y planeat level z=1m
(near the ground)

It is illustrated clearly that concentration of N@d NQ in the areas near the emission source-traffic {Géglire
3.b. and Figure 3.c), are significantly higher thhat of any other areas and very low close tohthiédings. The
spatial distribution of N@ is larger than NO, because NO is quickly transgmnto NQ. Furthermore the
concentration of NO and NCGare much lower in the inflow region than the refsthe canyon. This is in contrast
with Os that is high at the inlet. This is explained bg ttonsummation of ozone;®y NO in the street canyon to
varying degrees. And the flow speed in the lefesfBligure 3.a) near the ground level is weak amtddhe
pollutants have sufficient time spent in the mixieugd reaction process of the chemical speciesdt]the other
hand, there is a formation of NQlue to the reactions betweery @d NO and thus, NCOdispersed more
significantly than NO. As expected, NO and Néncentration levels decrease with height whike #f ozone
generally increases.
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Figure 4. Domain average concentration correlation:
a)- correlation of NO, concentration with NO concentration.
b)- correlation of Ozconcentration with NO,concentration.
¢)- correlation of O3 concentration with NO concentration.

Figure 4.a shows the correlation of N@ncentration with NO concentration. The incregdNO, concentration
with increasing NO concentration is displayed thasiation is approximately linear above 1.5¥kg/m® of NO,
concentration, until the maximum values of NO ar@Noncentrations, which are ~1.1951and ~3.9x108kg/n?,
respectively. This case reflects the high concéntidevels of NO and N©near the ground, where their emission
source is located. Note that the values of NO coinaton is greater than N@oncentration, due to the rate of
emission source that was assumed with a ratio emté-{1/10), of N@to NO.

Except in the region below 1.5x{kg/m® where NQ concentration varied between zero to 1.5%Hm® with
nearly zero NO. This was because Nispersed more than NO corresponding to areagltidvels. Because NO
is quickly transformed to Ng&XFigure 2.C and Figure 3.c).

The corresponding NQand Q concentration levels are displayed in Figure 4tat shows decreasings;O

concentration with increasing N@oncentration. This indicates the oxidation of N{pozone Q@ that leads to an
increase in the N©concentration and linear decrease of ozonedevel
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It is interesting in Figure 4.c to observe thealiéince between NO and &ncentrations. As it shown the increase
of NO concentration (for 2x1fkg/m® until a maximum value) with low £concentration, implies that the ozong O
is consumed in high degree by NO due to the reaetith it near the emission source region.

A similar behaviour is observed for;€oncentration (more than Fkg/m®) with low NO. Because §zoncentration
is high in the upper region of the street and aithiet boundary. NO concentration was negligibl¢hiese regions.
In addition there are some areas (Figure 4.c) wheve O; concentration (less thanftkg/m®), the NO
concentration was low too (less than 2Xi#@m’). This result corresponds to areas close to glgurfaces, where
O; and NO were both considerably low, due to low wapged and weak dispersion ability of NO. Also ribe
NO, concentration is low in these areas (Figure 2).

CONCLUSION

This study examined reactive pollutant dispersioBD urban street canyon in steady state. A CFInfegational
fluid dynamics) code was used (ANSYS-CFX), withtanslard ke turbulence model using transport equations for
the mean concentration and concentration variahtgecscalars, incorporating simple NO-NO; photochemistry.
An area emission source of NO and N&as considered in the presence of background O

» The study also shows evidence that the reactivesgesnsidered were NO and Nénmitted into the canyon by
traffic against a background of ozone. This implieat Background ozone, transported into the carfisam inflow
region (inlet), is destroyed by the NO emissiomsrfithe motor vehicles, in particular at low levels.

» The fast reaction of the emitted NO with; @ads to the high NOconcentration (because NO is quickly
transformed to Ng). In addition we observed that N@ispersed more significantly than NO to higherelsy
probably because it comes from both primary conbastources within the street Canyon (direct emisgrom
cars) and secondary formation from the NQ+&nction. As a result {roncentration is higher at upper levels and
in the region where ambient;@nters into the canyon, while NO and N&De depleted in a high degree in these
areas (Figure 2).

» The highest ozone {&oncentration occurred under high wind speedswihd speed dependency becomes more
distinct in Figure 2. The results indicated tharthis a strong influence of the street geometrtherwind field and
consequently the pollutant dispersion around thilings surfaces.
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